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RESEARCH IN ENGINEERING ECONOMY 


William T. Morris 
The Ohio State University 


The Editor has asked the writer to set forth some of the recently 


published results of a one year research program dealing with the 


} fundamental aspects of Engineering Economy. (1) This study began 


with an examination of the current status of Engineering Economy and 


progressed eventually into such fields as the theory of normative 


decisions, value theory, and the foundations of probability. The 


objective of the research was to identify some of the basic limita- 


tions of Engineering Economy, to propose an answer to the question, 


"What exactly does the engineer mean by rational decision making?", 


and then to deduce some of the consequences of this answer. The 


basic problem of engineering decision making stems from the absence 


of any generally accepted definition of rationality which is rich 


enough to allow the engineer to distinguish good decision making 


methods from bad ones in a wide variety of cases. No definition of 


rationality has been advanced which is completely satisfactory, and 


, the general course of this study and future work in Engineering 


Economy must revolve around exploring various possibilities. 


Turning attention first to the status of Engineering Economy, there 


are three bases for concern arising out of what seem to be symptoms 


of inadequacy. First there is good reason to infer that a relatively 


small number of managers actually employ standard engineering economy 


(| techniques. Second, those who do, umiversally conclude that these 


techniques by themselves are not sufficient to determine how a 
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decision is to be made, They must be tempered by a whole range of 
refinements which go under such titles as "mature judgment", Finally, 
there has been a considerable development of the field of normative 
decision making theory which has not been reflected in the techniques 
of Engineering Economy. The symptoms appear to indicate, not that 
Engineering Economy fails within the bounds that it has set for itself, 


but rather that the bounds have been set so as to exclude too much. 


Of the criticisms which might be advanced, the following seemed to 
offer the most constructive possibilities in terms of this particular 


research program, 


1. Engineering Economy does not deal at all with the observational 
aspects of the decision problem. It does not tell one how to make 
observations about the environment, how much one should spend to 

make observations, nor how to draw inferences from these observations, 
2. Engineering Economy provides no means for including the so-called 
intangibles or irreducibles in the decision process. This is one 
reason why writers in the field emphasize the need for judgment. Any 
part of an outcome which is not reducible to a dollar value accord- 
ing to the rules provided, is excluded from the formal part of the 
decision process. | 

3. Engineering Economy neglects uncertainty on the part of the de- 
cision maker. Probability theory provides an excellent scheme for 
the expression of uncertainty which is almost always present in en- 


gineering decisions. Although the interest rate is sometimes used to 
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express uncertainty, there is no clear reason for not expressing it 
directly in probabilistic form, 
4. A final criticism is that of the rigidity of the set of postu- 
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lates within which Engineering Economy is cast. Engineering de- 


cisions are made within the context of particular engineering 


organizations and an adequate theory must recognize the objectives 


of the particular organization, the time limitations and resource 


limitations within which it must make decisions, and the universal 


problem of making decisions with incomplete information. 


Working from this appraisal, the study attempted to construct a 
definition of rationality which would be intuitively appealing as 


well as productive of some constructive approaches to these criti- 
cisms. The basic axiom of rationality is called the Axion of Long 
Run Success. It states roughly that the best decision rules are 

those which succeed in the long run. To be more explicit, consider 


a sequence of decision situations which may arise over time in the 


existence of an industrial organization. Each of these situations 


requires a decision rule which will lead to a choice of one among 


the available alternatives. As a result of the choice and the re- 


— 


sulting action, the organization is thought of as passing from one 


state to another, That is, the result of any particular choice is 


to change the organization into a new state. The purpose of the 


Axiom is to indicate what sort of sequences of decision rules should 


be used in dealing with particular sequences of decisions. The Axiom 


states that one must apply a sequence of decision rules such that the 


value of the final state of the organization is greater than the value 


of the final state resulting from the application of any other se- 


In other words the axiom requires the use 


quence of decision rules. 


of the decision rules which maximize the value of the final state in 


the sequence. When this axiom is given a more formal expression some 


important consequences follow, the deduction of which occupied the 


remainder of the study. For example, the axiom leads to the result 
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that in situations of uncertainty it is rational to maximize the ex- 
pected value of the outcome. This result simply confirms standard 
engineering practice, however, without the axiom some serious argu- 
ments may be advanced as to whether maximizing the expected value of 


the outcome makes any sense at all. 


Before proceeding to certain other consequences of the axiom it is 
useful to discuss three requiremamts for the rationalization of the 
decision process which appear to be necessary if one is to achieve 
the kind of rationality outlined above. These requirements are ex- 
plicitness, logical consistency, and logical truth. lUxplicitness 
requires roughly that all the data and steps in the decision making 
process be expressed so that the decision may be studied and repro- 
duced. Logical consistency requires the kind of consistency we find 
in mathematics. This is simply to say that if we agree that two plus 
two is four, then we must not somewhere in the decision process use 
the relation four plus four is seven. The decision process must free 
itself from logical contradictions. Logical truth simply requires 
that decisions be consistent with the facts, or in agreement with 
our observations about our environment and our inferences from these 


observations. 


Taking the Axiom of Long Run Success as the basis of rationality and 
these three requirements for the process of achieving rationality the 


study explored five broad questions. 


1. What can be done about the general problem of measuring the values 


of industrial organizations so that these values may be included di- 


rectly in engineering studies? 
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2. What are the consequences of using probabilities to express 
uncertainty and how does the theory of probability enter the prob- 
lem? 

3. Since all engineering decisions suffer from some lack of infor- 
mation, how much information must be missing to make rational de- 
cisions impossible? How much can one spend to collect additional 
information? 

4. It will always be necessary and perhaps even desirable to use 
judgments within the decision process. What can be done to improve 
the methods of obtaining and using these judgments? 

5. All decisions within industrial organizations must be made with 


some sort of a time deadline. One delays a decision in order to 


collect more information, however, a decision made too late may be 
costly. What can be said about the optimal timing of engineering 
decisions? 


Some of the results and difficulties which surround these questions 


may be briefly outlined. 


Value measurement is the most difficult and perhaps the most 
crucial problem facing engineering today. Engineering Economy 

has traditionally worked with those consequences or outcomes 

which can be reduced directly to dollar valuations. If Engineer- 
ing decision making techniques are to be really rational ali the 
aspects of an outcome must be evaluated including the so called 
"irreducibles" or "intangibles." The question is one of measuring 
the values held by an organization, not of suggesting what those 
values ought to be. The latter is a question of ethics, not 


of engineering. Values for an industrial organization derive 
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from the goals of the organization. That is, an outcome is evaluated 
relative to the extent to which it represents attainment of the organ- 
izations objectives or goals. The goals themselves present some 
serious problems, for they may be numerous and conflicting, they may 
be dynamic, and they may not be explicitly stated within the organi- 
zation. The presently available methods of value measurement are 
classified and their relevance to engineering situations discussed, 
It is shown that the concept of state values is an appropriate concept 
for engineering decision problems, and some useful relations among 
state values are indicated. A state value is defined as the expected 
value of all future states through which the system may pass. The 
method of Indifference Curves for expressing ordinal preference fields 
is examined, as well as the von Neumann utility measurement method 
which yields an interval scale for values from preference statements 


about probability combinations of states. 


One of the most interesting approaches to value measurement is the 
behavioristic method. If the behavior of an organization is observed, 
if this behavior is assumed to be rational, and if the probabilities 
used by the organization are known, then one may infer values from 
behavior. The problems and possibilities of this method are outlined 


in the report. 


It can be shown that the structure of the decision situation itself 
dictates the minimum degree of refinement required in value measure- 
ment. It is well known for example, that in choices among determin- 
istic alternatives, the outcomes need only be ranked. Some additional 


theorems in this direction are offered. For example, in decisions in 


l 
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the face of uncertainty, where more than two outcomes are possible, 


an interval scale for value measurement is required to determine a 


choice which will be rational. The main conclusion of the research 


with respect to value measurement is perhaps, that this is the area 


in which our major difficulties are found. 


If probabilities are admitted as a method for expressing uncertainty, 


then the outcomes of the decision are random variables. This opens 


the possibility of interpreting certain theorms in probability theory 


in decision making terms. Such interpretations are given for Cheby- 


shev's Inequality and various other limit theorems. The most im- 


portant result is that arising from the Weak Law of Large Numbers 


which can be used to show that choices which maximize the expected 


value of the outcomes are rational in the sense of the Axiom of Long 


Run Success. It also appears possible to rationalize such manage- 


ment policies as diversification within the context of probability 


theory. One of the questions which is not very satisfactorily answer- 


ed by the study is that of the rationality of a personalistic or sub- 


jective concept of probability as opposed to the usual relative fre- 


quency interpretation used in engineering. 


In this study decision situations were structured in terms of alter- 


natives, outcomes, states of the world, and the relevant probability 


distributions. It is possible if all this information is on hand to 


make a rational decision. In reality, however, most engineering de- 


cisions must be made with incomplete information. Decisions with 


incomplete information were classified in six groups ranging from 


information only as to what the alternatives are, to complete infor- 


For each of 


mation on all the elements of the decision structure. 
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these stages of information completeness an attempt was made to show 


whether or not a rational decision is possible. Further, a rational 


method for transforming a decision from one state of information com- 


[| pleteness to another was suggested. One of these latter methods is 


sequential process wherein the decision maker stops after each incre- 


ment in information and decides whether it is rational to make the 


In certain cases where 


decision or to collect more information. 


rational choices cannot be made, the possibilities of such nonrational 


choice principles as minimax are discussed. 


From the method of rationalization which is adopted in this study as 


the fundamental approach to the problem of engineering decision making, 


certain conclusions may be drawn with respect to the use of judgments 


In many situations it is impossible or un- 


in the decision process. 


Rationalization requires 


economic to avoid the use of judgements. 


that judgements be made explicit and logically consistent. However, 


it is very difficult to indicate the degree of logical truth which 


In the absence of information or 


may be ascribed to judgements. 


evidence to which a greater degree of logical truth may be ascribed, 


judgements should clearly be used in engineering decisions. The use 


The attainment 


of personalistic probabilities is a case in point. 


Some results which are 


of rationality cannot, however, be measured. 


aimed toward reducing the discrimination required, and method for 


combining judgements so as to minimize the resulting errors. 


A theory of the timing of engineering decisions is proposed which 


Once a decision 


follows closely the theory of sequential sampling. 


is recognized, the only reason for postponing choice is to obtain 
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additional information. To get this information requires both time 


and the expenditure of resources. A deadline is imposed before which 


the decision must be made or a penalty will be suffered. The dead- 


= 


line time may be either deterministically or probabilistically known, 


It is also possible that rewards are attached to early decisions, 


which stem from the additional time which is made available for carry- 


Under these circumstances a theory is proposed 


ing out the decision. 


which tells the decision maker when to cease obtaining information 


and make his choice. 


The above description can indicate only a little of the flavor and 
Although the writer cannot 


nothing of the validity of the research, 


presume to evaluate the work, some remarks might be made to place it 


This kind of undertaking is seldom found within 


in perspective. 


engineering and indeed, some engineers have already voiced the opinion 


that it does not belong there. It deals with the very foundation of 


engineering thought and the philosophical basis of engineering prac- 


tice. As such it is not the kind of effort which the practicing en- 


Nor do any of its 


gineer finds the time or interest to undertake. 


conclusions appear to require changes in the technique of present day 


engineering work. Rather it is an attempt to construct a theoretical 


foundation upon which the scope and competence of engineering tech- 


It has led the writer into many 


nique may be built and extended. 


fields such as Philosophy and Economics in which he as an engineer 


has no special competence. It reflects to a large extent the influ- 


ence of the interdisciplinary approach of Operations Research to the 


problem of decision making within goal oriented systems. Until some- 


one proposes a universally acceptable definition of rationality or 
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until engineers agree upon a definition this study remains as simply 


an exploration of the consequences of one particular form of ration- 


ality. 


1. Morris, William T., "The Rationalization of Industrial Decision 
Processes", Ohio State University Studies, wat ty Series, 
Engineering Experiment Station Bulletin No. 163, Vol. XXVI, No. 1 


March 1957. 117 pages. (This publication can be purchased for $2.00) 
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THE DECISION MAKING PROCESS* 


by 


Dale Zand 
New York University 


GROWING INTEREST IN DECISION MAKING 

Decision making, especially capital investment decision making, has 
attracted widespread attention in recent years. Equipment innovations 
and rapidly expanding markets have combined in the past ten years to 
stimulate record rates of capital investment. Of every ten dollars 

of Gross National Product approximately one dollar goes into a capi- 
tal investment. Businesses, especially larger businesses, face a 
severe decision making problem--"How do you invest a limited fund of 


capital to the best interests of a business"? 


NEED FOR A MODEL OF DECISION MAKING 

Specialists have approached this decision-making problem from the 
viewpoint of their different specialities. Engineering has concen- 
trated on equipment replacement; for all practical purposes, it has 
ignored the investment problems of expansion and diversification, 
which take half of all of the money annually spent on capital invest- 
ments, Finance specialists have emphasized the method and the costs 
of acquiring capital, while accounting specialists have pursured the 
recording and interpreting of depreciation. Economists, on the other 


hand, offer a capital supply and demand schedule for the firm, 


*Presented before the Engineering Economy Division at the annual 
meeting of the American Society for Engineering Education at Ames, 
Iowa,in June 1956. 
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Currently, mathematics and statistics are coming into vogue in the 
form of linear programming, game theory and probability calculations 
for decision making. Psychologists are concerned with the motives, 
the perceptions and the frame of reference that the individual brings 
to decision making, and sociologists inject group values, role expec- 


tation and group relationships. 


This is a recital of but a few of the current approaches to decision 
making; it does illustrate, however, that there are considerable 
differences of opinion as to what decision making means, how we ought 
to study decision making and how we ought to make decisions. Like 
any problem that is attacked from many different viewpoints, decision 
making has ended up with a series of valuable but nevertheless unin- 
tegrated contributions. To borrow a concept from physics, I would 


say that decision making is in need of a "unified field theory". 


The purpose of this paper, therefore, is to describe a generalized 
model of the decision making process. Such a model will serve as a 
framework for relating the many existing approaches to the entire 
process of decision making. This model of decision making is offered 
as a first step in the direction of unifying our notions about decision 


making. 


This paper, in large measure, is abstracted from a more comprehensive 
study of capital investment decision making made by the writer, An 
exhaustive treatment of each element of the decision making process 
would require a book not a paper; therefore, my immediate goal in 
this paper is limited to an outline and a brief description of the 
elements of decision making, 


GENUINE DECISIONS 

In decision making we are concerned with what George Katona, in 
Psychological Analysis of Economic Behavior, calls genuine decisions, 
These are situations in which the decision maker, in the presence of 
strong motivational forces, questions and reconsiders all customary 
notions about values, goals, expectations, courses of action and 
standards. Genuine decisions are characterized by flexibility and 
rearrangement. Flexibility means the ability to discover and evalu- 
ate alternative goals, expectations and methods, Rearrangement means 
that as a result of considering and evaluating alternative goals, 
expectations and methods,there is a restructuring or reorganization 


of the decision maker's psychological field. 


Habitual behavior, which is just about the opposite of behavior in 
genuine decision making, is characterized by rigidity -- that is, 
the ability to respond only in a fixed manner because no alternative 
response has been conceived and integrated into the decision maker's 
psychological field. The forty per cent mark-up in retail pricing 


and the three year pay back in equipment replacement studies are ex- 


amples of habitual behavior in business decision making. 


In any case, this paper is concerned with genuine decisions. 


DECISION DEFINED 

To decide is to select one course of action from among several alter- 
natives and thereby terminate an unsettled condition. This state- 
ment is not very helpful because it tells practically nothing about 
the process of decision making. In fact, the statement tends to be 
misleading because decision making is as much a process of elimina- 


tion as it is a process of selection. 


| 


In decision making it is extremely difficult, if not impossible, 

to select directly and without hesitation the most appropriate course 
of action from a group of competing alternatives. If we could do 
this, it would be like picking the needle out of the proverbial 
haystack on the first try. 


Most of us are not endowed with this ability, so we go through an 
elaborate process called decision making. 


THE DECISION-MAKING PROCESS 
Decision making is a process consisting of a series of definite 
steps. These steps or elements are separable and can be explained 
with the aid of a flow diagram. Figure 1 is such a diagram; it 
shows the factors and operations in decision making. These opera- 
tions may be classified as follows: 

1. Establish an array of goals. 

2. Design plans to reach these goals. 

3. Predict the consequences of each plan. (Expectations) 

4. Separate effective plans from ineffective plans. 

5. Convert goals to standards of efficiency. 

6, Rank the effective plans according to efficiency. 

7. Consider the interaction with all other plans and 


design a balanced program, 


Decision making does not always follow the sequence of steps listed 
above. Frequently the decision maker has plans or expectations or 
both before he has clearly defined values and an array of goals. 

Also, the decision maker does not necessarily complete one step be- 


fore moving on to the next step. As a matter of fact, it is quite 
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common to find that plans are incomplete and the array of goals is 
incomplete when we get to the last step of considering interaction 
with all other plans. The decision maker usually cycles through the 
process many times, making adjustments and refinements to goals, 
plans, expectations and standards until he breaks out of the cycle 


by choosing a satisfactory plan. 


ESTABLISH AN ARRAY OF GOALS 

Goals are ideas; objectives yet to be realized -- ambitions yet to 

be satisfied. We specify goals in order to make meaningful decisions. 
We envision what we want to accomplish before we decide on a course 

of action. For example, if capital investment decisions are to be 
meaningful, as a first step, management must state its short range and 
its long range objectives. How much do we intend to increase capa- 
city? What new items are to be added to the product line in coming 
years? In order to continue manufacturing old products how much must 
costs be lowered in coming years? Answers to questions such as these 


are the beginning of establishing an array of goals. 


Establishing a goal is a decision in itself -- a value decision. It 
is deciding what is worth achieving from among the many things that 
might be achieved. Usually, management has a limited supply of capi- 
tal to invest. It must establish a scale of preferences that will 
help to determine the importance of each of the many things that can 


be done with this capital, 


Value decisions -- the process of defining, selecting, ranking and 
weighing the desirability of goals, -- are made by a "value generator", 


The decision maker feeds in to the value generator motives, attitudes, 


— 


expectations, experiences and an awareness of conflict. The value 


generator operates on these data to create an array of goals, 


Valuation is a highly controversial topic, but from the many theories 


and occasional studies there seems to be emerging an approach that 
concentrates on valuation as a personal, subjective process in which 
the individual tries to preserve not the physical self but the self 
as perceived. The individual is the focal point of his psychological 
field, and even though behavior as viewed by an observer may appear 


inappropriate to the immediate physical environment, it is always 


appropriate to the individual's psychological field or private world. 


The individual develops values from his psychological field. This 
includes the following items which are described as the input to the 
value generator: 

1. Motivation -- to maintain coherence in the individual's 
psychological field and to enhance his feeling of personal 
worth. 

Attitudes -- distilled from experiences of conflict, frus- 
tration and success. 
Experiences -- which include familiarity with the preferences 


and values of other individuals, such as supervisors, and 


other groups such as associates and competitors, 


An Awareness of Conflict -- this refers to the impact of 


the myriad stimuli in environment including, for example, 
the company's investment problems. 
Expectations -- of future changes in the makeup of this 


psychological field. 
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The array of goals created by the value generator is much more than 


[ a simple list. In my conception it is complex, multidimensional 


field pattern in which goals are oriented according to degrees of 


[ preference, weighted according to relative importance and linked 


according to degrees of interdependence. The end result is somewhat 


like a solar system or a molecular structure of crystals. 


This notion of a field of goals rather than a list of goals results 


from the fact that in a complex society, such as ours, rarely do we 


desire one goal to the exclusion of all other goals. We seek to accom- 


plish a field or pattern of effects. For example, with one invest- 


economic survival, increase profits, lower manufacturing costs, ime 


[ ment in new equipment we might attempt to bolster our chances of 


prove labor relations, lower the breakeven point, forge ahead of 


competitors and leave working capital unimpaired. Conceiving of these 
goals and defining them is a challenge -- interrelating them is a 


labor. 


Unfortunately, we tend to develop a narrow view of goals in order to 


make decision making easy. Economists are very prone to doing this. 


[ They would have us believe that managers can conceive of only one goal 


and that goal is profit. Furthermore, they say that management has 


[ only one concept of profit and that is to maximize it at all times. 
This is like saying that there is only one dimension for measuring 


mountains and that is height. Just ignore the rate of rise, the hard- 


ness or softness of the surface, the temperature, the weather and the 


surrounding terrain. 


Besides profit, management is concerned with myriad combinations of 


many other goals. Even though the immediate tendency is to think only 
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in terms of profit when making investment decisions, invariably this 


is subsequently modified by considerations of other goals. 


That each capital investment should, if possible, measure up to a 
profit goal cannot be denied. But investment plans, as well as most 
other plans, also affect working capital, labor relations, breakeven 
point, etc.; therefore, it is imperative that, besides profit, we 
conceive, define and evaluate our goals in all the areas affected by 


our actions. 


Our first job in decision making is to conceive and to define goals -- 
only then can we value them. That this is difficult no one denies. 
But this does not mean, that for convenience, our decision making 
theories should be so oversimplified that we believe that managers 

can conceive only the goal of profit. Such teachings unnecessarily 
complicate decision making because people get the impression that 

they are doing something wrong when they have to modify their concept 
of profit to accommodate the demands of other goals. One of the signs 
of genuine decision making -- which can be called maturity in decision 
making -- is that the decision maker does not rigidly pursue only one 
goal, such as profit maximization; rather, he understands that differ- 


ent situations demand different patterns of goals, 


The importance of the value generator cannot be overemphasized because 
the array of goals it establishes becomes the foundation for most of 
the remaining decision-making operations. The array of goals influ- 
ences the development of plans by directing thinking to search for 
plans that will accomplish the specified goals. For example, if 
management desires to expand its capacity to make a given product, 


thinking is directed to conceive of plans that will accomplish this goal, 
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The array of goals also serves as a rational basis for separating 
effective plans from ineffective plans. The results expected from 
each plan are matched against the array of goals. Plans that do 

not meet the standards of the array of goals are ineffective. In 

one case I have in mind, it was management's desire to increase capa- 
city to make a particular product 100%, to lower direct labor costs 
at least 20% and to invest no more than $200,000 to accomplish this. 
Plans that did not meet these three requirements, were judged in- 
effective. If they could not be revised to meet these standards, 


they were given no further consideration. 


By refining the array of goals we develop efficiency criteria. In 
the case just cited, management considered the ratio of the increase 
in output to the increase in investment as a measure of each plan's 
efficiency in increasing output. The ratio of annual cost to operate 
equipment to the total number of additional units produced was used 
to judge cost efficiency per unit produced. These are but a few 
simple efficiency criteria. The important point is that these effi- 
ciency criteria have significance because they are derived from and 


relate to our array of goals, 


DESIGN PLANS 

Decision making requires that we construct a plan of action before 

we act. We must be able to conceive of several plans if there is to 
be some freedom of choice. A no-choice situation is meaningless from 
the viewpoint of genuine decision making. If only one plan is con- 
ceived, we have a very limited choice -- we can follow the plan or 
ignore the plan. As more plans are conceived, decision making gets 


more complicated -- but it also gets more flexible. The more plans 
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we conceive, the greater is the likelihood that we will create a 


plan that reaches our goals. 


Plans are created by an "action designer". Guided by the array of 
goals, the action designer searches experience for past actions that 
reached the desired goals. Sometimes the action designer classifies 
its environment into inducements and barriers and tries to create 
plans that incorporate inducements and omit or avoid barriers. In- 
ducements are resources in abundant supply available at low cost or 
other conditions that portend success for a course of action. A 
growing, uncommitted capital surplus or the absence of competitors 


are examples of inducements in environment. Barriers are the oppo- 


-site of inducements -- that is, resources in scarce supply available 


at high cost or other conditions that portend failure for a course 
of action. Capital, labor, competitors, consumer demand and all other 
elements of environment may be inducements at one moment of time and 


barriers at another time, 


The search for past actions that were successful is only one step in 
creating plans. The next step is to devise new action patterns that 
will lead to the desired goals moreefficiently than past actions. At 
this stage of decision making we face a challenge to creative ability. 
We need variety and boldness of concept. We need imagination. With- 
out imagination, the best "action designer" can do no: better than 
copy past actions. In a changing environment, this is bound to be 
unsatisfactory. This unique ability -- call it imagination, creative 
ability or conceptual ability - is vital to decision making. We are 
just beginning to realize the importance of the fact that a decision 


can never be any better than the best plan conceived. Little wonder 


L_ 


then that industry is grasping for any techniques that stimulate 


creative imagination, 


It seems to me that much teaching in engineering economy tends to 


discourage imagination by providing ready-made goals, plans and stan- 


dards. The neat, formalized problems we give students may be a con- 


venience for the teacher, but I seriously question their value to the 


This is not the situation the decision maker faces in in- 


student. 


dustry. If anything, he faces a mass of controversial, ill-defined 


goals and a paucity of plans. To prepare anyone for decision making 


we have to introduce them to value decisions and we have to encourage 


their imagination to run free to create plans. 


EXPECTATIONS 


Realistic decision making requires that we envision conditions as 


Values, results of action, events and rele- 


they will be when we act. 


vant circumstances must be projected in anticipation of their actual 


occurrence. This activity of predicting the future I shall call de- 


veloping expectations. 


Expectations give meaning and direction to decisions. We select a 


plan of action because we expect that the goals that we conceive of 


now will be still desired at the time of action. This expectation 


of goals is one of the great stumbling blocks in decision making. 


As human being in a changing environment we have a relatively short 


time span of goal expectations. We are reasonably certain of our 


present desires, but we have great difficulty in foreseeing what goals 


we will desire inthe future. 


Capital investment decisions, in particular, are a severe exercise in 
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developing goal expectations. They force a very careful separation 

of goals into passing and lasting preferences. In order for an in- 
vestment decision to have meaning, the goals desired at the time of 
the investment must persist, at the very least, long enough to allow 
recovery of the original investment. In some instances one to five 
years elapses between the time of decision and the time when equip- 
ment is ready for operation. Recognizing that the goals envisioned 

at the time of decision might not persist this long, management does 
everything in its power to reduce the gap between the time of decision 


and the time of action. 


Besides goal expectations, environment expectations are crucial to 
decision making. Environment expectations are basic to the develop- 
ment and the evaluation of a strategy of action. For instance, a 
military commander develops expectations about the possible moves of 
the enemy. Plans are designed to combat each of the enemy's expected 
moves. But only one strategy can be selected to meet the enemy's many 
possible moves. The one strategy sought is the best or the optimal 
strategy. It is best, however, only in relation to the expected moves 
of the enemy. If it is expected that the enemy is entirely limited 

to land movements, the optimal strategy for combating these land move- 
ments, more than likely, will be far from optimal if the enemy unex- 
pectedly uses air movement. Transferring this to the frame work of an 
investment decision, if it is expected that competitors are limited 

to certain manufacturing and marketing programs, the best investment 
strategy developed for these expectations will not be very good if a 
competitor unexpectedly invents or acquires equipment that enables him 
to completely change his manufacturing and marketing programs, This 
is the kind of situation that IBM has been facing since 1950 when 
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Remington Rand and many other office equipment manufacturers began 


offering electronic computers to business. 


In general, then, a decision is optimal only in relation to a given 


field of expectations. 


I should like to relate this discussion of environment expectations 
to some of the notions of the game theory. Using "game theory" 
terminology, I am saying that if the rules and the restrictions of 
the game are not known, then it is extremely difficult to formulate 
an optimal strategy. In game theory, the players are usually limit- 
ed to actions that fall within the rules of the game. In business 
situations, however, it is extremely difficult to prescribe rules 
that all participants must adhere to. Nevertheless, in spite of this 
difficulty, game theory appears to offer a refreshing and promising 


approach to business decisions, 


It is important to understand that game theory does not do away with 
values, plans, expectations and judgment. Game theory happens to be 
one approach to interrelating these elements of decision making. Game 
theory does not tell you how to generate values, how to design plans or 
how to develop expectations. Nor does it pretend to do these things. 
It is only an approach to exercising judgment. This still leaves the 
key elements of decision making -- developing values, plans and ex- 
pectations. Like any other theory for exercising judgment, if the 
decision maker is unskilled in performing the preceding key elements 

in decision-making -- developing values, plans and expectations, game 


theory is powerless. 


By now it should be apparent that expectations interact with all of 


the other elements of decision making. Of all of these interactions, 
results expectations have received greatest attention. Results ex- 
pectations refers to the results or consequences expected if a given 
plan is followed. The remarks in this paper shall be confined to 
the development of results expectations, although the process of de- 
veloping expectations will be the same for value expectations and 


environment expectations, 


Expectations are developed by repetition or understanding or a com- 
bination of these conditions. Repetition assumes that past experi- 
ence will be repeated, so in this method, we either copy or extra- 
polate the past and expect it will be true again in the future. When 
we develop expectations by repetition, we do not attempt to determine 
or else we cannot determine the causes of past successes and fail- 
ures. In a sense, repetition is an example of habitual, unanalyti- 
cal decision making. Because something happened in the past, we 
expect it will happen again in the future. On the surface this method 
may not appear to have much to commend it. But, most conditions in 
life change slowly and many conditions actually do repeat themselves, 
so, saying that the past will persist or repeat itself - without 
understanding why - is still an extremely effective method for pre- 


dicting the future. 


Probability analysis and statistical decision theory must be used to 
develop expectations when the factors that cause an event are so 
numerous and so completely interrelated as to confound understanding. 
Even though statistical techniques are used, it is important to re- 
cognize that they do not completely remove expectations from the 


realm of unfathomed repetition or habit. Statistical methods and 
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probability analysis help to refine our repetitive basis for expec- 


tations, but under no circumstances dare we become complacent and 


accept these techniques as a substitute for understanding. 


Repetition of the past, as method of developing expectations, may 
be displaced by, or else combined with, expectations developed from 


understanding - that is, knowledge of cause and ‘effect relationships. 


Thus, the engineer holds firm expectations about the performance of 


a lever, not because he has used levers or seen them in operation, 
but because he understands the laws of mechanicg2” Our most firmly 
held expectations, and usually our most accurate expectations, are 
developed from understanding. So, in developing expectations for 
decision making, the best starting point is sound, knowledge of the 
principles that explain the behavior of the peapis and the forces in 


our environment. 


In the model of decision making presented in this paper, expectations 
are developed by a "predictor." If we are following the "repetition" 
approach to expectations, the predictor searches past experience to 
determine how frequently a particular result followed a given set of 
antecedent conditions. The predictor searches experience to calculate 
probabilities or to uncover cycles, trends and random changes in past 
conditions. This knowledge then becomes the basis for expectations. 
When principles explaining the behavior or environment are available, 


these are fed into the predictor to become the basis of expectations, 


When experience with certain goals or plans is Jacking, and when, in 


addition, principles of behavior applicable to this situation are not 


available, the predictor must rely on imagination. Imagination enables 
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the predictor to develop hypothetical explanations of behavior. 


These hypothetical explanations then become the basis for expecta- 


tions. This may not appear to be a sound approach to decision making, 


| but when you lack both experience and principles of behavior, what 


else can you do other than rely on hypothetical explanations? The 


predictor uses experience, principles of behavior and imagination 
At this point it is vital to 


to forecast the effects of each plan. 


Namely, that we must not minimize 


inject a note from psychology. 


the importance of the fact that expectations are readily distorted 


to accommodate strongly held attitudes. It is in the development 


of expectations that the decision maker rationalizes under the guise 


of making a genuine decision. The executive who has matured with 


an aggressive attitude toward conflict tends to be venturesome, 


sometimes to the point of gambling. The executive who has matured 


with a withdrawing attitude toward conflict tends to be conservative, 


sometimes to the point of stubbornly opposing change. Contrast the 


expectations of the sales manager who is compelled to turn away or- 


ders because plant production cannot keep up with sales with the ex- 


pectations of the comptroller who is worried about a shortage of work- 


The sales manager feels that the comptroller who opposes 


ing capital. 


expansion because "this is a temporary peak in demand" is ignoring 


On the other hand the comptroller 


opportunity and obstructing growth. 


is convinced that the brash sales manager will catapult the company 


into bankruptcy. By the nature of their attitudes these executives 


are indifferent or else hostile to many of each others’ problems and 


values. Under such circumstances it is not uncommon to find that 


each decision maker subconsciously develops expectations that bolster 


his existing attitudes. 
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SEPARATE EFFECTIVE FROM INEFFECTIVE PLANS 


Judging effectiveness is a coarse screening. It narrows the area 


of choice to plans that will at least accomplish the general goals 


desired. 


Effectiveness is determined by comparing the effects expected of each 


plan with the effects desired, as stated in the array of goals. This 


t is done by an "effectiveness comparator" which separates the effective 


plans from the ineffective plans. For example, a company might set a 


goal of doubling output with a maximum investment of $500,000. Plans 


that are expected to accomplish both of these effects are judged to be 


Plans that are expected 


effective and are accepted for further study. 


to accomplish only one effect or neither effect are judged ineffective. 


These plans are rejected, but can be fed back to the action designer 


for modification. 


When most of the "action designer's" plans are ineffective, the "value 


generator" usually re-examines the array of goals. Frequently, this 


results in a redefinition and reevaluation of goals so that some of the 


rejected plans will be acceptable to the revised array of goals. This 


feedback between the "value generator" and the “effectiveness comparator" 


is the method the decision maker uses to bring his ideal array of goals 


closer to the reality of what he can expect to accomplish. 


Even though the effective plans have been separated from the ineffective 


plans, the decision maker has yet to find the most appropriate of the 


effective plans. He starts to do this by testing each effective plan 


against criteria of efficiency, but before he can do this he must de- 


velop criteria of efficiency, 
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EFFICIENCY CRITERIA 


In decision making, an "efficiency criteria developer" applies exper- 


ience and imagination to the array of goals to create criteria of 


efficiency. These criteria are usually expressed as ratios between 


[ the input that a plan requires and the output that it generates. 


Thus, if two plans are expected to produce equal output, we say that 


the plan requiring the least input is the more efficient plan. Low- 


est annual cost is an efficiency criterion of this type. Of course, 


if two plans require equal input, the plan producing the greater out- 


put is the more efficient. 


At this point in decision making the problem is to decide which in- 


put and output factors should be used as criteria of efficiency. To 


develop comprehensive sensitive and meaningful efficiency criteria 


In practice, efficiency 


for a complex group of goals is no easy job. 


criteria are limited to a few goals with measurable effects. Mini- 


mum annual cost, return on investment and payback time are common 


These efficiency criteria 


efficiency criteria, for the goal of profit. 


are valuable in neat and simple equipment replacement situations, but 


as soon as the decision maker leaves this type of situation, these 


criteria are inadequate. They leave too many other goals unexplained 


and unanalyzed. We should not be disturbed that for all of their 


apparent precision these profit efficiency criteria are frequently 


| subordinated to other goals for which we have no accurately measurable 


effects. It seems to me that this is a challenge for us to find 


measurable effects for goals other than profit and to find why decision 


makers value other goals as high as or higher than profit. 
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EFFICIENCY COMPARATOR 

The "efficiency comparator" computes the efficiency of each effective 
plan and then ranks the plans according to efficiency. This is a 
rather straightforward operation that the engineering economist is 


very familiar with; therefore I shll not elaborate on it any further, 


JUDGING FOR BALANCE 

In judging for balance the decision maker goes beyond his single, 
immediate investment problem. In this final step he attempts to find 
the plan that best fits into the company's overall, long-range in- 


vestment program. Let me illustrate how we judge for balance when, 


for instance, we make serious personal decisions, A job offer in 


terms of salary, may be the most attractive of several job offers; 
but, then we ask, "how does it fit in with our overall, long-range 
goals?" We must do the same thing -- judge for balance -- if all 


other decision making is to be meaningful. 


As a case in point, there comes to mind a company that had narrowed 
its area of choice to two plans requiring the same investment, but 
one plan had a higher return on investment and also a higher break- 
even point than the other plan. The plan with the higher return and 
higher breakeven point was selected as being a better balance with 


the company's environment and long-range investment program. 


The conventional approach to balance is marginal or incremental an- 
alysis, and, if anything, this ignores balance, by judging only the 
incremental effect of plan. In incremental analysis we examine the 
difference between what exists now and what will exist if we make a 


particular investment. This narrow, stepwise method isolates each 
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investment plan and approaches it as if it were a venture practically 
separate and independent of everything else the company is doing. 
Also, invariably, incremental analysis concentrates on finding that 
plan which maximizes a single goal -- the goal of profit. Thus in- 
crementalism (marginalism) thinks in terms of one goal and one plan. 


Balance requires that we think in terms of many goals and groups of 


plans. 


It is important to recognize that balance is not the same as simple 
addition. When we judge for balance we try to integrate -- not add -- 
many dissimilar ideas. We cannot apply simple addition to plans 

that accomplish distinctly different goals, and yet have a meaning- 
ful sum. What is the meaning of adding a plan to buy a supplier in 
order to survive, to a plan to buy a machine that appears to offer a 
good return, to a plan to install air conditioning in the accounting 


office to make it comfortable in hot weather? How do you add sur- 


vival, profit agd,womfort, or are we trying to add dissimilar items 


like apples, oranges and pears and yet come up with a meaningful sum? 


In judging for balance, the decision-maker must restructure his psy- 
chological field to reach a higher level of integration. Adding 
apples, oranges and pears is meaningless, but if you see fruit salad 


you have reached balance at a higher level of integration, 


The incremental approach ignores balance and grabs for the biggest 
profit every time there are funds to invest. The end result is a 
series of uncoordinated investments. Unfortunately, engineering 
economy never seems to get beyond this one goal and one plan approach. 
If we do not set our sights higher than one goal and one plan at a 


time, we cannot help but put investment plans together in haphazard 


order. 
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rT Sound decision making demands that we find that combination of 


plans that results in greater benefits than the same plans taken in 


random order. Sensible investment decision making demands that we 


think in terms of the most efficient sequence of investments. 


SOME DECISION MAKING ILLUSIONS | 
A model of decision making that draws from many disciplines has 


' been constructed to clarify the process of decision making. As a 


by-product, this model exposes some illusions about decision making. 


For one thing, the model exposes the misleading idea that the selec- 


problem by saying, "which plan should we select?" This gives the 


| tion of a plan results from a single decision. We tend to state a 
[ deceiving impression that we have to make only one choice. Actually, 


decision making consists of several preliminary choices -- choices 


of goals, plans, expectations and efficiency criteria -- that lead 


up to and predetermine the final choice. 


Another thing this theory reveals is that errors and deficiencies 


in the preliminary choices cannot be remedied by the final choice -- 


the balancer. For example, if expectations are in error, the bal- 


ancer, being unaware of the error, will select the plan that best 


fits these erroneous expectations. Inappropriate goals and plans 


have the same effect. Applying the most rigorous criteria of effi- 


ciency will only result in finding the most efficient method of going 


astray. 
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THE RETURN-ON-INVESTMENT CONCEPT AS A TOOL FOR DECISION MAKING* 
Review 
by 
Fred A. Gitzendanner 


Standard Oil Company 
(Indiana), Whiting, Indiana 


Mr. Schwartz points out that present day management requires cri- 
teria for decision making. Not too many years ago the majority of 
companies were essentially one-man businesses. Decisions were made 


by the owner and he was accountable only to himself for both his 


successes and failures. 


By contrast, present day management is seldom by an individual but 
rather by a group of individuals representing different facets of 
the business as well as different groups of owners. In such essen- 
tially "by committee management" situation more objective criteria 
for decision making are highly desirable. A measuring stick for 
such a situation ",..should be uniformly applicable to as many gen- 
eral and specific problems as possible. It should be simple and 


easily understood,...". 


In the author's experience, the return-on-investment concept is 
the most useful one which he has encountered for this purpose. 
"Most useful" by his definition means most nearly universally 


applicable although he recognizes and indicates some of the short- 


coming. 


The author lists a number of ways in which the return-on-investment 


*Charles R. -nseryalae TPG I. DuPont de Nemours and Co. AMA General 


Management Series # (Price $1.75) 


concept is used for both measurement of past performance and gui- 


dance for current and long-range future decisions. 


= 


The paper includes a section indicating how what DuPont calls 


"operative return on investment" is developed from the various 


Essentially this is a specifically defined 


sales and expense data. 


ratio which DuPont has found useful in its business. 


The remainder of the paper is essentially a condensation of the 


story of the DuPont chart system as it was described by T. C. Davis, 


Vice-President, DuPont Company, to an AMA conference in New York in 


December, 1949. This paper is available in AMA Financial Manage- 


ment Series #94. 


Obviously, the DuPont chart system is a useful tool of management. 


It high-lights trends of key variables on a chart in a simple con- 


venient way. The same picture would be evident to very few people 


from the basis tabulations of figures. Similarly, the charts pro- 


vide for showing the effects of sales forecasts, cost estimates and 


similar operating data. 


In general, although the paper title suggests an extensive dis- 


cussion of the return-on-investment concept, it is actually more 


concerned with detailed and subsidiary ratios which have been found 


As such, 


useful in the managerial control of DuPont operations. 


the paper is a good discussion of how important ratios can be dis- 


For most people such graphical display is highly 


played on charts. 


effective, 
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MACHINE TOOL LEASING* 


Review 


b 
Raymond R. Mayer 
University of Chicago 


The authors state that "the main purpose of this book is to provide 


a set of tables of actual leasing plans which will be helpful to 


. persons who are trying to decide whether to buy or to lease machine 


tools." The leasing plans referred to total sixteen in number, and 


their descriptions are based on the results of a direct mail survey, 


conducted in December 1954, of 229 member companies of the Machine 


Tool Builders Association. 


As a preliminary step to the use of the tables, the potential lessee 


must determine the particular machine to be procured as a replacement 


for an existing piece of equipment. If the machine can be obtained 


on either a lease or buy basis, the lessee then turns to the table 


which represents the available lease plan. Next, he selects a "de- 


sired earnings rate" and estimates the equipment's service life. 


For a given lease plan, rate-of-return requirement, and service life, 


the table yields a figure which represents what the salvage value of 


the machine must be at the end of its service life to equate the costs 


of buying and leasing. If the expected salvage value exceeds this 


amount, it is more economical to buy; if it is less than this amount, 


it is more economical to lease. In this manner, a final decision is 


made, 


The sixteen different tables, which are presented in the manuscript, 


1 *By J. L. Treynor and R. E. Vancil - Published by Management Analysis 
; Center, Inc., 275 Newbury Street, Boston, Mass. Price $15.00. 


| 
[ 
[ 
| 
[ 


-36- 


are referred to as a "Handbook of Machine Tool Leasing Plans" and 


account for approximately one-half of the book's 147 pages. The 


salvage values they include are computed by means of the discounted 


cash flow technique usually associated with Joel Dean, 


Although the authors explain and demonstrate the method of making 


the required calculations, this reviewer believes that clearer ex- 


positions have been made elsewhere. This defect in the presentation 


becomes serious in the case of the individual who has no background 


in the discounted cash flow technique and finds that the lease plan 


he is giving consideration to is not included in those described. 


The probability of the latter occurring is quite high. 


However, the characteristic that really limits the degree to which 


the tables can be utilized by industry is the fact that they have 


been constructed on the basis of certain assumptions which more 


often than not are unrealistic. The two important ones are, first, 


that all machine tools purchased will be depreciated for tax purposes 


over a ten-year period by the sum-of-the-years digits method and, 


second, that the company procuring the equipment will use it for the 


same number of years regardless of whether it is leased or purchased. 


This is not to say that other tables cannot be prepared on the basis 


of other assumptions, but if the need for doing so is the rule rather 


than the exception, then the value of a "Handbook of Machine Tool 


Leasing Plans" becomes less apparent. It may be better to make a 


straightforward computation of the interest charge involved in a 


given leasing plan at the time that consideration is being given to 


the plan as an investment alternative. 
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In addition to the material related to the aforementioned tables, 


the authors, by way of introduction, discuss other aspects of leasing, 


These include a history of machine tool leases, contract terms, in- 


come tax considerations, and advantages of machine tool leasing. 


| To say that the treatment of these topics is superficial is no 


criticism, because no detailed analysis was intended by the authors, 


Nevertheless, they are prone to make statements throughout their 


entire presentation which tend to cause the reader to react adversely, 


For example, they state that they have discarded the theoretical 


approach in favor of a dollars and cents focus as if the two were 


necessarily different. At another point, they maintain that buying 


is almost always less expensive than leasing because in leasing the 


lessor is compensated for assuming the burden of obsolescence; this 


suggests that the transfer of this risk is not a saving to the lessee. 


These are typical of a number of such statements. However, through 


- subsequent elaboration, the authors usually succeed in saying what | 


they really mean, and this fortunately differs from what they seemed 


to be saying at some earlier point. This suggests a need for reor- 


ganization and a clearer presentation of some of the material. 


The deficiencies pointed out in this review are not intended to 


leave one with the impression that the study makes no contribution 


The authors have succeeded in 


to the field of machine tool leasing. 


compiling a great deal of information which until now was to be 


found only by examining many articles, pamphlets, and brochures. In 
addition, they have suggested the use of an analytical approach to 


lease or buy decisions and have presented one such approach. These 


two accomplishments tend to offset any shortcomings the work may have, 
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CAPITAL BUDGETING AND GAME THEORY* 
Review 
by 


E. H. Bowman 
Massachusetts Institute of Technology 


Mr. Bennion has written a very interesting expository paper on 
capital budgeting under conditions of uncertainty. As he implies, 


very rarely would future conditions actually be certain. The theme 


of the paper is that the businessman when choosing among alterna- 
tives in setting his capital budget should maximize expected value 
(in the mathematical sense). Conceptually, his case is quite de- 
fensible. He sets forth an interesting example with several varia- 


tions concerning possible refinery investments, 


For example, he lists several levels of investment in the refinery 
as possible alternatives. He also indicates that several rates of 
growth in the economy are possible. For each rate of growth, each 
level of investment has a particular return. In order to make the 
choice which the writer recommends, it is necessary to place some 
value on the probability of each rate of growth. Given these sets 
of numbers, i.e., returns and probabilities thereof, for each in- 
vestment alternative, it is possible to choose the alternative with 
the maximum expected value -- a sum of products of probabilities 
and returns. While it might be quite difficult to arrive at a sat- 
isfactory set of probabilities, the decision process itself certainly 
seems conceptually sound. This approach elsewhere has been called 


statistical decision theory and the reader interested in a very able 


*By Edward G. Bennion, Harvard Business Review-Nov.-Dec., 1956, 
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and non-complex presentation of these ideas is here referred to 


Design for Decision, by Irwin Bross (Macmillan, 1953). 


The main criticism this reviewer has with the article is the title 
and the suggestion that the ideas presented have something to do 
with game theory. A game played against an indifferent "nature" 
which does not include a conflict of interests hardly needs the 
elements of game theory, and in fact, the author does not use them, 
He uses the form but not the essence of game theory. For conven- 
ience he has set up his alternatives with two "players," their 
strategies, and a pay off matrix, but the decision process he recom- 
mends is not that of game theory, and rightly not. A game theory 
decision in this case with its built in conservatism would hardly 
be defensible. "Captial Budgeting and Statistical Decision Theory" 
is suggested as a more approriate title, orientation, and set of 


footnotes. 
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